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(57)  The invention refers to determining time char-
acteristics of a data signal (D1) comprising a sequence
of a plurality of bits, comprising providing a first trigger
signal (TR1, TR2) in response to a clock signal (CLK)
related to the data signal (D1), providing first sample val-

Digital data signal analysis by evaluating sampled values in conjuction with signal bit values

ues (A1) from the data signal (D1), in response to the
firsttrigger signal (TR1, TR2), and providing a signal anal-
ysis based on the first sample values (A1) in conjunction
with bit values (B1, B2, B3) of the data signal in a certain
time range with respect to the first trigger signal.
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Description

[0001] The presentinvention relates to sampling a dig-
ital data signal.

[0002] Characterizing the transient behavior of high-
speed digital circuits, i.e. the transition from a logical zero
to a logical one and vice versa, has become increasingly
important for designing as well as manufacturing such
digital circuits. Timing problems can cause single trans-
mission errors, or temporary or even permanent outage
of an entire communication system, and have to be avoid-
ed.

[0003] A standard characterization of digital circuits is
the so-called Bit Error Ratio (BER), i.e. the ratio of erro-
neous bits to the total number of regarded bits. Therefore,
a received digital data signal is repetitively sampled at
defined sample points. Each sampling point is deter-
mined by a threshold value for comparing the response
signal with an expected signal, and by a relative time
(e.g. with respect to corresponding transition of a clock
signal - usually the system clock for generating the stim-
ulus signals or a clock signal derived therefrom or from
the response signal).

A further technique of determining the characteristics of
digital data signals is real time sampling or equivalent
sampling of such signals by so-called sampling oscillo-
scopes. Thereby, samples are targeted at specific time
delays with respect to a trigger signal. In order to deter-
mine the position of an edge within the signal, the signal
value at such targeted time is determined and the position
of the edge is determined by fitting the signal value to a
predefined or acquired edge model. Such measurements
can be determined by appropriate digital oscilloscopes,
such as the Agilent 86100 Series digital sampling oscil-
loscopes provided by the applicant Agilent Technologies,
the Agilent 86100 Series oscilloscopes being able for
sampling high speed digital data signals having edges
with rise and fall times below 20 picoseconds.

DISCLOSURE OF THE INVENTION

[0004] Itis an object of the invention to provide an im-
proved sampling of a digital data signal. The object is
solved by the independent claims. Preferred embodi-
ments are shown by the dependent claims.

[0005] According to embodiments of the present in-
vention, a signal analyzer is provided for determining a
digital edge or transition timing of a digital data signal,
the digital data signal comprising a sequence of a plurality
of bits. The data signal might be provided by a device
under test -DUT- that is to be tested according to spec-
ifications. The invention is based on the insight that signal
edges in high speed digital signals show significant du-
rations of transition. The knowledge of an edge shape
allows for sampling the signal once in such transition area
and fitting the sampled value to the known edge shape
in order to exactly timely locate the edge. Incorporating
such analyzer into an under-sampling oscilloscope (i.e.
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into an oscilloscope having a sampling below the data
rate of the sampled signals) allows exactly determining
timings of signal edges.

[0006] Therefore, the analyzerkeeps stored, produces
or accesses one or more edge models (e.g. a unique
edge model, if the rising edge and the inverted falling
edge are similar, each a rising edge model and a falling
edge model otherwise, or multiple edge models for dif-
ferent bit histories) for characterizing signal transitions
between the digital magnitude levels (low level and high
level) of the data signal. The edge model describes the
expected signal value over the time of the data signal.
Fitting the said edge model the detected signal value,
the difference in magnitude between said detected signal
value and a timing reference value or predefined edge
value, wherein the predefined edge value might e.g. rep-
resent the edge center magnitudes at a 50% magnitude
level between the low level and the high level or the mid-
time between the beginning of the edge and the end of
the edge, is transformed into a time difference value. By
relating the time difference value to the trigger signal, the
exact position of the signal edge can be determined.
[0007] The timing reference value of the edge model
can be any value between the low level and the high
level, e.g. the 50% level in the middle between those
levels, or in the geometric center of the edge model
and/or the most likely transition point.

[0008] The edge model might be determined as a pol-
ynomial best fit curve of a measured signal edge. The
edge model might be represented as section-wise curve
composed of one or more linear or polynomial sections.
Thereby, the edge model might be stored as mathemat-
ical formula or algorithm producing a time value out of
an signal value, a table comprising a plurality of pairs of
curve values and time values of said edge model, or as
any mixture between algorithms and data.

[0009] In an embodiment, the analyzer comprises an
analog sampling circuit for taking first sample values from
the data signalin response to afirsttrigger signal showing
a plurality trigger pulses preferably located in edge re-
gions, also referred to as transition regions, of the data
signal, a trigger circuit for providing the first trigger signal
in response to a clock signal related to the data signal,
and an analyzing circuit for providing a signal analysis
based on the sample values received from the first sam-
pling circuit in conjunction with bit values of the data sig-
nal in a certain time range with respect to the first trigger
signal.

[0010] Preferably, the sampling time points are deter-
mined according to the clock signal relating to the data
signal. Thereby, the time points are chosen such that
they are close to the defined edge points, but at least in
an edge region showing a significant signal value change
over time.

[0011] If the bit values are known in advance, the bit
values might be directly received from a memory having
stored the bit values. Alternatively, the signal analyzer
further comprises a digital sampling circuit for detecting
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the bit sequence. The digital sampling circuit samples
the data signal, preferably in the bit center region, i.e. in
the center of the data eye of the data signal, i.e. in a
region between signal transitions, at a plurality of subse-
quent second trigger time points, reproduces a bit se-
quence of the data signal, and provides these second
values to the analyzing circuit. The analyzing circuit pro-
vides a signal analysis based on both first and second
values.

[0012] With the digital sampling circuit a number sec-
ond values representing a number of preceding bits rel-
ative to a transition (bit history) and (at least one) follow-
ing bit(s) are stored together with the first value repre-
senting the transition value sampled by the analog sam-
pling circuit.

[0013] In further embodiment, the bit sequence of the
data signal is determined by comparing the data signal
with a threshold, assigning one of two bit values depend-
ing on the comparison result (e.g. a "0" value, if the com-
parison result is negative and a "1" value if the compar-
ison result is positive) at successive trigger points.
[0014] Therefore, a second sampling circuit is provid-
ed for receiving a second trigger signal in response to
the clock signal, comparing the data signal at the trigger
points of the second trigger signal with the threshold. The
trigger pulses of the second trigger signal are preferably
located within regions between signal transitions, sub-
stantially in the middle of a so-called data eye.

[0015] In a further embodiment the analog sampling
circuit comprises a sample&hold circuit (or a track&hold
circuit), and an analog-to-digital converter. The sam-
ple&hold circuit receives first trigger signals and provides
each an analog value (e.g. an analog voltage) of the data
signal at a corresponding first trigger times and keeps
this values each stored for a certain amount of time. The
analog-to digital converter converts the received analog
value into a multi bit digital value, e.g. being represented
as 12 bit data or 16 bit data.

[0016] In a further embodiment, the measurement of
time differences is repeated for a plurality of edges. If the
data signal comprises a multiple repetition of a test se-
quence, e.g. a 1000-time repetition of a defined bit pat-
tern, wherein the bit pattern might be a pseudo random
bit sequence generated by a linear feedback shift register
circuit or any other pattern containing a plurality of fre-
quency components and therewith suitable for timing test
purposes.

[0017] From these measurements, jitter characteris-
tics of the data signal can be derived. If only measure-
ments of bit time intervals having the same bit history,
e.g. of the bit intervals at each the same position within
the repeated bit pattern are performed, such mean value
difference denotes the jitter components excluding data
dependent jitter.

[0018] In a further embodiment, the data signal is an-
alyzed with respect to a depth of influence of previous
bits to an actual transition, or in other words with respect
to the influence of the bit history. This influence can be
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denoted as number of preceding bits. The sequences of
a defined number of digital values provided by the digital
sampling circuit are collected with respect to the transi-
tions to be analyzed, i.e. each first (multi-bit) sample val-
ue is assigned to a certain sequence of second sample
(single bit values), also being referred to as bit history.
[0019] In order to determine a number of preceding
subsequent bits influencing an actual transition, i.e. to
determine a depth of influence of previous bits to an ac-
tual transition, sampled values of repetitive measure-
ments are sorted or binned according to their bit history,
e.g. binned to eight different groups each related to one
history of a three bit sequence. Such binning is further
extended to longer history as long as they show different
mean values with respect to the clock signal.

[0020] In a further embodiment, a signal analysis is
carried out for determining non data dependent jitter
characteristics by generating trigger signals on the con-
dition that a defined history, i.e. a defined bit sequence
of the data signal is being detected.

[0021] Iftheinfluence is found to be limited to a number
of n bits, a determination of jitter excluding data depend-
ing jitter might be carried out by detecting a certain se-
quence n bits and triggering on each occurrence of this
pattern. This is in particular advantageous, if long bit se-
quences are used, where an analysis of every edge po-
sition would take too long.

[0022] Alternatively, the sampling might be performed
at random timing points, whereby the first sample values
(representing the actual edge value) and the second
sample values (representing the bits of the data signal)
are stored with relation to each other. In a post processing
the first sample values are sorted with respect to a certain
number of preceding bits into different bins.

[0023] In a further embodiment, the analyzing circuit
comprises a processing unit for storing the one or more
edge models in terms of digital values, e.g. arranged in
tables of time/signal value pairs, or in terms of an algo-
rithm providing digital values. Therewith, the above-de-
scribed time differences are determined by a digital cal-
culation of the computer. Such models and algorithms
might be stored in for of software programs.

[0024] Inafurtherembodiment, atimeinterval analysis
between edges (e.g. between a rising edge and an ad-
jacent falling edge of a digital data signal, a rising edge
and an non-adjacent falling edge, two rising edges, two
falling edges, or two edges of each a different data signal)
is provided, whereby for each signal edge a sample value
is taken. Therefore, a first time difference between a first
signal sample and the defined signal value and a second
time difference between a second signal sample and the
defined signal value is determined. The time interval be-
tween the edges can be determined on the base of the
known time difference of the corresponding trigger pulses
and the first and second time differences.

[0025] In a further embodiment, the measurement of
time differences is repeated for a plurality of similar time
intervals, e.g. for a fraction of a bit cycle in the case of
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determining variations of return-to-zero time intervals,
one bit cycle in the case of determining cycle-to-cycle
time variations or a plurality of bit cycles for determining
variations of a plurality of bit cycles. If the data signal
comprises a multiple repetition of a test sequence, e.g.
a 1000-time repetition of a defined bit pattern, wherein
the bit pattern might be a pseudo random bit sequence
generated by a linear feedback shift register circuit or
any other pattern containing a plurality of frequency com-
ponents and therewith suitable for timing test purposes.
[0026] From these measurements, jitter characteris-
tics of the data signal can be derived. A firstjitter property
can be derived by determining each a distribution func-
tion over the time of the first and second time differences,
determining each the mean value, and determining the
difference between both mean values.

[0027] If only measurements of bit time intervals hav-
ing the same bit history, e.g. of the bit intervals at each
the same position within the repeated bit pattern are per-
formed, such mean value difference denotes the jitter
components excluding data dependent jitter. A further
jitter component can be derived by determining a distri-
bution function of the differences of the second time dif-
ference and the first time difference over the time. If such
a distribution is determined for all bit cycles (or n-bit cy-
cles) of the data signal, the widths of such distribution
(i.e. the minimum and maximum values) denotes an over-
all cycle-to-cycle jitter including data dependent jitter and
random jitter. If such distribution is performed for bit time
intervals having the same bit history, such widths denotes
random and periodic cycle-to-cycle jitter.

[0028] In a further embodiment, the analyzing circuit
comprises a processing unit for storing the one or more
edge models in terms of digital values, e.g. arranged in
tables of time/signal value pairs, or in terms of an algo-
rithm providing digital values. Therewith, the above-de-
scribed time differences are determined by a digital cal-
culation of the computer. Such models and algorithms
might be stored in for of software programs.

[0029] One limitation of the above-described method
is that the trigger time points must be chosen to trigger
the signal with transition areas, as otherwise it might not
be possible to perform a value fitting to the stored modes.
In order to enhance the trigger time range, where trigger
signal can be placed, the time width of the transition ar-
eas, i.e. the transition time, might be increased. There-
fore, a filter showing a linear phase response might be
connected between a data input and the sampling circuit.
This filter decreases the (absolute) gradient of the signal
edges without influencing the jitter properties of the data
signal.

[0030] Inafurtherembodiment, the triggertimeinterval
measurement range is extended by placing a plurality of
trigger signals at a defined distance to each other. The
distance is preferably chosen to be equal to a measure-
ment or trigger time range of a single transition. This al-
lows for multiplying the resulting measurement range by
the number of trigger signals.
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[0031] Inafurther embodiment, an extended sampling
circuit is provided comprising a plurality of sampling
paths, each comprising a sample&hold circuit and an an-
alog-to-digital converter. A data signal to be sampled is
provided to each one sample&hold circuit. Further, a trig-
ger control circuit is provided for generating a plurality of
subsequent trigger signals in response to a clock signal.
The trigger signals are provided to each a trigger input
of the sample&hold circuits. The outputs of the sam-
ple&hold circuits are connected to each one of the ana-
log-to-digital converters. The corresponding digital val-
ues generated by the analog-to-digital converters are
provided to an analyzing circuit that might chose the most
significant value (i.e. the value not close or equal to the
"low" or "high" signal level) for further edge fitting.
[0032] Alternatively, the extended digital trigger circuit
might comprise only one sampling path comprising a
sample&hold circuit and an analog-to-digital converter.
The data signal to be sampled is provided to the sam-
ple&hold circuit. Further, a trigger control circuit is pro-
vided for generating a plurality of subsequent trigger sig-
nals in response to a clock signal. The trigger signals are
provided to the sample&hold circuit. The sample&hold
circuit generated a plurality of analog sample values in
response to each trigger signal. These trigger signal
might be provided to one analog-to-digital converter or
to a plurality of analog-to-digital converters, e.g. being
subsequently switched to the output of the sample&hold
circuit by means of fast switchable transfer gates. Simi-
larly to the previous embodiment, the analyzing circuit
receives the analog values for further processing.
[0033] Inafurther embodiment, a time interval analyz-
er for sampling two signal edges of interest in order to
derive a time interval between said edges might apply
for each edge sampling an extended measurement as
described before. Therefore, e.g. for duplicating the
measurement range, four corresponding trigger signals
are provided to one or a plurality of sample&hold circuits.
The analyzing circuit receiving four analog values first
might chose for each edge one value to be further proc-
essed. From the selected values, a first time difference
and a second time difference between the might be de-
termined as described above.

[0034] Alternatively, the sample&hold circuits of the
above embodiments might be replaced by so-called
track&hold circuits.

[0035] Embodiments of the invention can be partly or
entirely embodied or supported by one or more suitable
software programs, which can be stored on or otherwise
provided by any kind of data carrier, and which might be
executed in or by any suitable data processing unit.

BRIEF DESCRIPTION OF DRAWINGS

[0036] Otherobjects and many of the attendant advan-
tages of embodiments of the present invention will be
readily appreciated and become better understood by
reference to the following more detailed description of



7 EP 1 847 844 A1 8

embodiments in connection with the accompanied draw-
ing(s). Features that are substantially or functionally
equal or similar will be referred to by the same reference
sign(s).

[0037] Fig.1 shows a schematic block diagram of a
sampling device comprising a digital sampling path and
an analog sampling path according to an embodiment of
the invention,

[0038] Fig. 2a shows a diagram with a fraction of an
first exemplary data signal over the time with exemplary
time measurement values relating to a time interval be-
tween two adjacent signal edges,

[0039] Fig. 2b shows a diagram with fraction of a sec-
ond exemplary data signal over the time with exemplary
time measurement values between signal edges at a dis-
tant of a plurality of clock cycles,

[0040] Fig. 3a shows a schematic diagram with a dis-
tribution of rising edge times and falling edge times of
repeated measurements at each one bit with the same
bit history,

[0041] Fig. 3b shows a schematic diagram with a dis-
tribution of resulting cycle times of the measurement of
Fig.3a,

[0042] Fig.4 shows a tree diagram with different hier-
archies of bit history to a rising edge being collected in
different bins and exemplary time distributions of different
bins,

[0043] Fig.5a shows a schematic block diagram of a
sampling device with an enhanced measurement range
according to a further embodiment of the invention,
[0044] Fig.5b shows an exemplary sampling diagram
pertaining to Fig.5a,

[0045] Fig. 6a shows a more detailed block diagram
of the time interval analyzer according to Fig.1a or Fig.
1b comprising a digital sampling path according to Fig.3,
[0046] Fig. 6b shows a variant of Fig.6a with two ana-
log-to digital converters,

[0047] Fig.6¢cshows avariant of Fig.6b with a sampling
circuit comprising three sample&hold circuits, and
[0048] Fig.7 shows schematic diagrams describing a
jitter separation with bit history consideration

[0049] Fig. 1 shows a block diagram of a signal ana-
lyzer comprising an input buffer 31 and providing an input
data signal D1 to an analog sampling path 30 and a digital
sampling path 40. The analog sampling path 30 compris-
es a first sample&hold circuit 32, further also referred to
as analog value sample&hold circuit 32 and an analog-
to digital converter 33. The output of the sample&hold
circuit 32 is connected to the input of the analog-to digital
converter 36. The output of the analog-to digital converter
33is connected to afirst input of a signal analyzing circuit
50. Further, a trigger circuit 60 is provided that receives
a clock signal CLK from a source not shown here, e.g.
provided by a data source providing a digital data signal
D1 recovered form the data signal D1 or being generated
by an independent clock , and an trigger control signals
TC from the analyzing circuit 50. The trigger circuit 60
provides a first trigger pulse TR1 to the trigger input of
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the sample&hold circuit 32 and further provides a con-
verter trigger pulse or control signal CC to the analog-to-
digital converter 33, whereby the time distance between
those trigger signals is selected according to capabilities
of holding a captured value over time of the sample&hold
circuit 32.

[0050] The data signal D1 to be analyzed is provided
to the input buffer 31 that provides a correspondingly
buffered signal to the data input of the sample&hold cir-
cuit 32 that samples the actual data signal value A1 at
the time point of receiving the first trigger pulse TR1. This
analog value, that might be represented as an analog
voltage within a certain voltage range is kept stored for
a certain amount of time. The analog-to digital converter
33 converts the received analog value into a multi-bit
digital value, e.g. being represented as 12 bit data or 16
bit data V1. This digital data value is provided to the an-
alyzing circuit 50 for further edge fitting as described
above.

[0051] The analyzing circuit 50 keeps stored one or a
plurality of edge models for characterizing a signal edge,
e.g. rising edge or a falling edge between the digital mag-
nitude levels of the data signal. The edge model de-
scribes the expected signal value over the time of the
data signal D1. Such edge models might be stored in
form of a plurality of (multi-bit) digital data (e.g. 12 bit
data or 16 bit data) with a certain time resolution. Alter-
natively, the edge model can be stored e.g. as polynomial
best fit curve of a most likely edge or a (time or magnitude)
section-wise curve composed of one or more linear or
polynomial sections. The data might be stored in a mem-
ory or data base being part of or being accessible by the
time interval analyzer.

[0052] By fitting said edge model and the detected sig-
nal to each other, the difference in magnitude between
said detected signal values and predefined signal values,
can be, are transformed into time difference values. By
way of example the predefined signal value is the center
values at a 50% level between the "low" bit signal level
and a"high" bit signal level. By relating the time difference
value to the clock signal, the exact position of the signal
edge can be determined.

[0053] Further, a digital sampling path 40, also being
referred to as bit history determination path, is provided
for taking a plurality of second sample values from the
data signal D1 at a plurality of subsequent digital path
trigger time points TD1-TD3, whereby these trigger
points are preferably placed at equidistant time points
within each the bit center of the data signal, i.e. these
trigger points being placed in the center of the data eye.
[0054] Therefore, the analyzing circuit further compris-
es a comparator 41, a tunable threshold voltage source
42, a sampling flip flop (or digital sample&hold circuit)
43, and a tunable time delay circuit 44. A first input of the
comparator 41 is connected to the buffer 32 for receiving
the (buffered) data signal D1, whereas a second input of
the comparator 41 is connected to the tunable threshold
voltage source 42 that provides a tunable threshold volt-
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age TH to said input. The output of the comparator 41 is
connected to the data input of the sampling flip flop 43.
The output of the sampling flip flop 43 is provided to the
data analyzing circuit 50. The trigger input of said sam-
pling flip flop 43 is connected to the tunable time delay
circuit 44 that receives the clock signal CLK and provides
a correspondingly delayed clock signal to the trigger input
of the sampling flip flop 43. The clock signal CLK is pref-
erably delayed such that the digital path trigger points
are placed in the center of the data eye of the digital data
signal D1.

[0055] The comparator 41 compares the digital data
signal D1 with a constant threshold TH (e.g. the mean
between the low signal level representing a bit value of
"0" and the high signal level representing a bit value of
"1", also being referred to as 50% level), or a dynamic
threshold as e.g. applied in so-called decision feedback
equalization (DFE). The comparator 41 generates a first
value (e.g. alow voltage level), if the corresponding com-
parison value is below the threshold and a second value
(e.g. a high voltage level"1", if the comparison value is
above the threshold TH.

[0056] The sampling flip flop 43 samples the compar-
ison result each at the digital path trigger points and as-
signs digital time discrete comparison results B1-B3 that
are provided as bit stream to the analyzing circuit 50.
[0057] In an embodiment, the analyzing circuit 50
might continuously analyze the received bit stream B1,
B2, B3 for detecting a predefined bit sequence within this
bit stream. As soon as such predefined bit stream is de-
tected, the analyzing circuit 50 generates a feed-back
information FI to the trigger circuit 60. The trigger circuit
60 then provides a trigger pulse TR1 at the next possible
signal transition. The correspondingly derived digital val-
ues V1 all have the same defined bit history. If such val-
ues are collected a plurality of times and corresponding
time delays are superimposed as e.g. described above
under Fig.3a, non data dependent jitter might be deter-
mined, provided that the length of the bit history is long
enough to cover for history influences. The number of
bits to be part of the bit history might be a fixed number
or a selectable number being selected by the user.
[0058] Alternatively, the sampling might be performed
at random timing points, whereby the first sample values
(representing the actual edge value) and the second
sample values (representing the bits of the data signal)
are stored with relation to each other. In a post processing
the first sample values are sorted with respect to a certain
number of preceding bits into different bins.

[0059] Inafurtherembodiment, the signal analyzer au-
tomatically determines the number of bits according to
the history characteristics of the data signal D1.

[0060] In order to determine a number of preceding
subsequent bits influencing an actual transition, i.e. to
determine a depth of influence of previous bits to an ac-
tual transition, the analyzer is adapted for continuously
determining transition values V1 of all bit transitions or a
subset of bit transitions (e.g. all rising edges within one
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test sequence) of the data signal D1). At the same time
the digital bit sequence B1, B2, B3 being received from
the sample flip flop 43 is received and related to the tran-
sition values V1. The analyzing circuit 50 might then (in
a post processing step) assign to each sample value V1
being sampled in the analog path a defined number of
preceding bits B1, B2, B3, being sampled in the digital
path.

[0061] Alternatively, if the bit sequence of the data sig-
nal D1 is known, or in other words, if the data signal D1
is known in principle, such sequence might be assigned
to the sampled values V1 directly without digital sam-
pling.

[0062] Further alternatively the sampled digital se-
qguence might be used for synchronizing, i.e. for detecting
amatch of the sampled digital sequence with a sequence
part of the known data signal D1, and performing a time
relation with the analog sampling circuit. Therefore the
analyzing circuit 50 might provide trigger control signals
TC to the trigger circuit 60.

[0063] Formeasuringjitter characteristics without data
dependent jitter, i.e. without any bit history influence, it
is possible to provide a data signal with a repetitive bit
sequence and to repetitively trigger this signal each at
the same positions relative to each bit sequence. As this
method only allows for only one measurement per rep-
etition, the overall measurement time will increase with
the length of the bit sequence. As it is often necessary
or at least desirable to have short test times, this method
only allows for short bit sequences, e.g. a Pseudo Ran-
dom Bit Sequence PRBS with a degree of 15 bit corre-
sponding to an example above-described.

[0064] The influence of previous bits to an actual bit
might result from low pass characteristics of the DUT
circuitry, e.g. internal transmission lines, amplifier output
stages, etc. Depending on the lengths, specific charac-
teristics of the transmission line, and the data speed, such
influence is limited in time, orin other words, only a limited
number of previous bits will have effects on an actual
data signal value.

[0065] Therefore, in a further embodiment, the data
signal is analyzed with respect to a depth of influence of
previous bits to an actual bit, or in other words with re-
spect to the influence of the bit history. This depth of
influence can be denoted as number of preceding bits.
For determining non data dependentjitter, the data signal
will be triggered at a plurality of transitions having the
same limited bit history, e.g. having the same preceding
m-bit sequence, wherein m denotes the depth of influ-
ence. This allows for using long repetitive test patterns
without increasing the test time. Further this allows for
using non-repetitive data signals.

[0066] Alternatively, the analog sampling might be per-
formed at timing points not being related to the data con-
tent (i.e. the bit sequence) of the data signal, preferably
at equidistant time points, whereby the distance might
be chosen to greater or equal the conversion time of the
analog-to-digital converter(s) (e.g. a distance of 200 bit
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cycles of the data signal). The corresponding first sample
values V1 and V2 and second sample values B1, B2,
B3,..., are stored with relation to each other in or by the
analyzing circuit 50. In a post processing, the first sample
values are sorted with respect to their bit history into dif-
ferent bins.

[0067] Fig.4 shows a principle scheme for determining
the number of bits being relevant as bit history. In the
first row HO on the left side, a bit sequence of two bits
"01" showing a transition with a rising edge, i.e. a transi-
tion from "0" to "1" is shown. In the second row, also
being referred to as first history level H1, on the left side,
2 bit sequences of three bits, "001" and "101" are shown.
Thefirstsequence "001" of this level equals the sequence
"01" of the row above together with a preceding bit "0".
The second sequence "101" of this level equals the se-
quence "01" of the row above together with a preceding
bit "1". On the right side of this level, for each of these
sequences, a distribution of edge times D001 and D101
with respect to a clock signal as result of a plurality on
measurements is shown. The difference of the mean val-
ues of both distributions D001 and D101 is depicted as
first time distance TD1. This time distance indicates the
dependency of first preceding bit on the edge timing of
the data signal D1.

[0068] Inthethirdrow, also being referredto as second
history level H2, on the left side, 4 bit sequences of four
bits, "0001", "1001", "0101" and "1101" are shown. The
first sequence "0001" of this level equals the first se-
quence "001" of the row above together with a preceding
bit "0". The second sequence "1001" of this level equals
the sequence "001" of the row above together with a pre-
ceding bit "1". The third sequence "0101" of this level
equals the second sequence "101" of the row above to-
gether with a preceding bit "0". The fourth sequence
"1101" of this level equals the second sequence "101" of
the row above together with a preceding bit "1". On the
right side of this level, distributions D0001, D1001, D0101
and D1101 of the edge times for the four different histo-
ries with respect to a reference signal as result of a plu-
rality on measurements are shown. The difference of the
mean values of the distributions D0O001 and D1001 is
depicted as second time distance TD2. This time differ-
ence indicates the dependency of the second preceding
bit on the edge timing of the data signal D1. As qualita-
tively depicted this time distance TD2 is smaller than the
first time distance TD1. For completeness reason, it is
mentioned that the same measurement of time difference
might be carried out for the third and the fourth sequence.
[0069] In the fourth row, also being referred to as third
history level H3, on the left side, exemplary 2 bit sequenc-
esout of 8 sequences comprising 5 bits, "00001","10001"
are shown. Thefirstsequence "00001" of this level equals
the first sequence "0001" of the row above together with
a preceding bit "0". The second sequence "10001" of this
level equals the first sequence "0001" of the row above
together with a preceding bit "1". On the right side of this
level, exemplary for the shown first two sequences of this
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row, the first four distributions DO0001 D10001, DO1001,
and D11001, of the edge times for the corresponding
histories with respect to a time reference as result of a
plurality on measurements are shown. The difference of
the mean values of both distributions is depicted as third
time distance TD3. This time difference indicates the de-
pendency of the third preceding bit on the edge timing of
the data signal D1. As qualitatively depicted this time
distance TD3 is smaller than the second time distance
TD2. Again for completeness reason, it is mentioned that
the same measurement of time difference might be car-
ried out for the third and the fourth, the fifth and sixth,
and the seventh and eighth sequence not shown here.
[0070] As result of the history separation of the fourth
history level, mean edge times M1, M2, M3, M4,.., are
obtained as mean values of the corresponding edge time
distributions.

[0071] A simple algorithm for determining the depth of
bit history might thus proceed as follows:

[0072] In afirst measurement run, a certain number of
transitions measurements (e.g. 1024 samples) are per-
formed. The corresponding timing results are sorted in
separate bins in dependence of their bit history. On the
first history level, the timing results are binned in depend-
ence of the value of the first preceding bit. Therewith, the
measured samples are sorted into two bins 001 and 101.
For each bin, the mean values of the distributions are
determined and the corresponding first time distance
TD1 is compared with a predefined (sufficiently small)
maximum time. If the first time distance TD1 does not
exceed the predefined maximum time, the depth of influ-
ence is expected to be one bit. Otherwise, if the first time
distance TD1 exceeds the predefined maximum time,
the timing results are sorted into four bins 0001, 1001,
0101 and 1101 of the second history level H2. Again, the
second time distance TD2 between two mean values
(e.g. the mean values of the bins 0001, 1001) originating
from one bin of the above level (e.g. bin 001), (and/or
from the mean values of the bins 0101 and 1101) of this
level is compared with the predefined maximum time. If
the second time distance TD2 now does not exceed the
predefined maximum time, the depth of influence is ex-
pected to be two bit. Otherwise this algorithm is continued
in the same manner for further history levels.

[0073] Due to the limited number of measurement ob-
tained the first run, the number of bins for sorting the
measurement values is limited, because a sufficient
number of results is necessary for obtaining relevant dis-
tributions for the corresponding edge timings. (E.g. for
1024 measurement values, the algorithm might stop at
the third history level, wherein each bin will have 128
measurement values at average.) If the corresponding
time difference is found to exceed the predefined maxi-
mum time at a certain history level (e.g. the third history
level H2 for 1024 values), another set of measurements
might be obtained in a second measurement run (e.g.
again 1024 measurement values) in order to provide a
sufficient number of values for further sorting. The sec-
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ond measurement run can be carried out in parallel to
the (post-processing) history level evaluation algorithm.
[0074] As described above, the trigger time points
must be chosen such that the signal is sampled within
its transition areas. In order to enhance the correspond-
ing trigger time range, a filter showing a linear phase
response might be connected between a data input and
a corresponding sampling circuit. This filter decreases
the (absolute) gradient of the signal edges without influ-
encing further timing characteristics, e.g. the jitter prop-
erties, of the data signal. An alternative extension of the
measurement or trigger time range that might be applied
instead of such filter or in combination with such filter is
described in Fig.5a.

[0075] Fig.5a shows a block diagram of a signal ana-
lyzer with an enhanced measurement range according
to a further embodiment of the invention. By way of ex-
ample, the signal analyzer shows a first and a second
sample&hold circuit 32 and 32’ with its outputs being con-
nected to the input of each an analog-to digital converter
33 and 33’ respectively. The outputs of the analog-to dig-
ital converters 33 and 33’ are connected to a signal an-
alyzing circuit 55.

[0076] Further, a trigger circuit 60 is provided that re-
ceives a clock signal CLK from a source, e.g. from the
DUT 10 or any clock having the same frequency as the
DUT or any frequency related to the data signal D1. The
trigger circuit 60 provides a first trigger pulse TR1 and a
shifted trigger pulse TR1’ to the trigger input of the first
sample&hold circuit 32 and to the trigger input of the sec-
ond sample&hold circuit 32" respectively. Not shown
here, the trigger circuit further provides a corresponding
converter trigger signal to the analog-to-digital convert-
ers 33 as described in the above figure.

[0077] The data signal D1 is provided (e.g. over an
input buffer not shown here) in parallel to both the inputs
of the first and a second sample&hold circuit 32 and
32’.that sample the actual data signal values A1 and A1’
at the time points when receiving the first trigger pulse
TR1 and the second trigger pulse TR1’' respectively,
whereby the time distance between both trigger signal is
determined to be equal or shorter than the transition du-
ration. The analog-to digital converters convert the re-
ceived analog values A1 and A1’ into digital value V1 and
V1’. This digital data value is provided to the analyzing
circuit 50 for further edge fitting. Therefore, the analyzing
circuit 50 keeps stored one or a plurality of edge models,
e.g. a rising edge models characterizing the rising edge
and a falling edge model characterizing the falling edge.
The edge models describe the expected signal value
over the time of the respective data signal D1.

[0078] The analyzing circuit 50 selects one of the re-
ceived digital values V1 and V1’ and performs an edge
time determination by fitting the selected digital value V1
or V1’ to an edge model, thereby transforming a differ-
ence in magnitude between said detected signal value
and a predefined signal value into a time difference val-
ues as described above.
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[0079] The trigger circuit 60 generates the trigger puls-
es TR1 and TR1’ with respect to the clock signal CLK at
a defined distance to each other. The distance is prefer-
ably chosen to be equal to a measurement or trigger time
range of a single transition. Fig.5b shows an example,
wherein two signal edges are depicted at the trigger time
distance TR1’-TR1. This time distance is chosen to be
equal to the measurement range TM1 or TM2 of the tran-
sition. In the example shown here, the measurement
range is chosen as time interval between each a 10%
point P1 of the signal amplitude (i.e. the difference be-
tween the high level and the low level) and a 90% point
P2 of the signal amplitude or between corresponding
points P3 and P4 of the delayed transition correspond-
ingly. This allows for multiplying the resulting measure-
ment range TMR by two. Providing further additional
sample&hold circuits connected in parallel to the first and
a second sample&hold circuit 32 and 32’ allows for ex-
tending the resulting measurement range corresponding
to the number of the sample&hold circuits.

[0080] As consequence, there will be only one of the
values V1 or V1’ that can be used for edge fitting whereby
the other value will have the high level value or low level
value or a value close to these values. In the example
shown here, the first sample&hold circuit 32 derives a
sample value V1 of roughly 40% of the signal amplitude,
whereas the value V1’ derived from the delayed meas-
urement by the second sample&hold circuit32’ shows al-
most the maximum level. Whereas the first value V1 can
be well used for an edge fitting, the value V1’ cannot be
used for such edge fitting. Therefore, before the edge
fitting, the analyzing circuit might chose the most signif-
icant value (i.e. the value that is not close or equal to the
low or high signal level or the value that refers to the
higher absolute gradient of the signal edge).

[0081] Alternatively, the signal analyzer might com-
prise afirst and a second sampling path comprising each
one sample&hold circuit and one switchable transfer
gate. The transfer gates are alternately triggered in order
to alternately provide the first sampled value and the sec-
ond sampled value to one analog-to-digital converter.
Similarly to the previous embodiment, the analyzing cir-
cuit receives the analog values V1 and V1’ for further
processing.

[0082] Fordeterminingatime interval between two sig-
nal edges, for each edge, the time distance between the
corresponding time points of the fitted detected signal
value and of a predefined transition value, e.g. the center
value at a 50% level between the "low" bit signal level
and a "high" bit signal level is determined. From the time
difference values determined for two edges of a signal
interval and a known time difference between the corre-
sponding first trigger and second trigger pulse, the ana-
lysing circuit 50 might determine a plurality of timing char-
acteristics, e.g. signal jitter characteristics as described
under Fig.3a - Fig3b.

[0083] Fig. 6a shows an exemplary block diagram of
a time interval analyzer. An analog sampling circuit com-
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prises a first and a second sample&hold circuit 32 and
33 with its outputs being connected over each a first and
second transfer gate 34 and 35 to the input of an analog-
to digital converter 36. The data signal D1 is provided to
an input of a buffer 31, that is connected to the inputs of
both the first and a second sample&hold circuit 32 and 33.
[0084] Similarto the analyzer of Fig.1, the time interval
analyzer comprises a digital sampling circuit for deter-
mining a bit history, the digital sampling circuit further
comprising a comparator 41, a tunable threshold voltage
source 42, a sampling flip flop 43, a tunable time delay
circuit 44 and an analyzing circuit 50.

[0085] The data signal D1 is provided to a first input of
the comparator 41. A second input of the comparator 41
is connected to the tunable threshold voltage source 42
that provides a tunable threshold voltage TH to said input.
The output of the comparator 41 is connected to the data
input of the sampling flip flop 43. The output of the sam-
pling flip flop 43 is provided to the analyzing circuit 50.
The trigger input of said sampling flip-flop 43 is connected
to the tunable time delay circuit 44 that receives the clock
signal CLK and provides a corresponding tuned trigger
signal to the sampling flip flop 43.

[0086] The digital sampling circuit measures the posi-
tion is determined by arelative time set by the delay circuit
44 with respect to corresponding transition of the clock
signal CLK and the threshold value TH.

[0087] A trigger circuit 60 receiving the clock signal
CLK provides a first trigger pulse TR1 to the first sam-
ple&hold circuit 32, a second trigger pulse TR2 to the
second sample&hold circuit 33, a first and a second gate
trigger or control signal SG1 and SG2 provided to the
control input of the first and second transfer gate 34 and
35 respectively and a converter control signal CC to the
analog-to-digital converter 36.

[0088] Asbeingdescribed previously, the analog sam-
pling might be performed at timing points not being re-
lated to the data content of the data signal, The corre-
sponding first sample values V1 and V2 and second sam-
ple values B1, B2, B3,..., are stored with relation to each
other in or by the analyzing circuit 50. In a post process-
ing, the first sample values are sorted with respect to a
certain bit history into different bins.

[0089] In order to derive non-data dependent jitter
characteristics, only time difference values of one pairs
of bins might be used for the time interval analysis.
[0090] In a further embodiment, the relevant number
of history bits might be derived my means of an algorithm
described under Fig.4.

[0091] . The number of bits to be part of the transition
history might be a fixed number or a selectable number
being selected by the user or being automatically deter-
mined by the analyzer.

[0092] In order to determine a number of preceding
subsequent bits influencing an actual transition the trig-
ger circuit similar to Fig.1 might be adapted for continu-
ously determining transition values V1 of all bit transitions
or a subset of bit transitions (e.g. all rising edges within
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one test sequence) of the data signal D1. At the same
time the digital bit sequence B1, B2, B3 being received
from the sample flip flop 43 is received and related to the
transition values V1. The analyzing circuit 50 might then
assign to each first sample value V1 being sampled by
the analog sampling circuit path a defined number of pre-
ceding bits B1, B2, B3, being sampled in the digital sam-
pling circuit.

[0093] Inafurtherembodiment, the signal analyzer au-
tomatically determines the number of bits according to
the history characteristics of the data signal D1 as de-
scribed under Fig.4.

[0094] If the bit sequence of the data signal D1 is
known, or in other words, if the data signal D1 is known
in principle, such sequence might be assigned to the
sampled values V1 directly without digital sampling. In
this case itis sufficient to digitally sample at specific times
in order to synchronize to the data signal D1.

[0095] Fig. 6b shows a variant of Fig.6a comprising
two analog-to digital converters 36a and 36b each con-
nected to one of the sample and hold circuits 32 and 33.
It is therefore not necessary to provide any transfer gate
34 or 35 to alternately provide the first signal sample A1
and the second signal sample A2 to a converter circuit.
This allows for processing higher speed data as the two
converter circuits work in parallel. Further, the accuracy
is increased, as no transfer gates are comprised that
could introduce errors.

[0096] Fig.6¢c shows avariant of Fig.6b with a sampling
circuit comprising a first sample&hold circuit 301 being
arranged to receive the first trigger pulse TR1 and the
second trigger pulse TR2 at its trigger input and the data
signal D1 at its signal input, and exemplarily a second
and a third sample&hold circuit 302 and 303 each receiv-
ing at their signal inputs a signal output from the first
sample&hold circuit 301 The trigger circuit 60 alternately
provides a third and a forth trigger pulse TR21 andTR22
to each one of the trigger inputs of said third and fourth
sample&hold circuit 302 and303.

[0097] High bandwidth first sample&hold circuits allow
for precise sampling with little signal deterioration. How-
ever, such high bandwidth sample&hold circuits may
have short hold times. In this embodiment, only one sam-
ple&hold circuit 301 need to have highest bandwidth,
whereas sample&hold circuit 302 and 303 might show
lower bandwidths, and can be optimized for longer hold
times. As a further advantage, the input signal has a
smaller load impact compared to the above embodiment.
[0098] Further, as two analog-to-digital converters 36a
and 36b are comprised, they might have a lower frequen-
cy (i.e. a lower conversion rate) with respect to the one
analog-to-digital converter 36 of Fig.6a, or the circuit
might process twice as many samples.

[0099] In a further embodiment, additional sam-
ple&hold circuits connected in parallel to the sam-
ple&hold circuits 302 and 303 are provided further allow-
ing to reduce the conversion rates of the corresponding
analog-to-digital converters, or to increase the process-
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ing rate correspondingly.

[0100] Fig.2a shows a first diagram with the signal
magnitude A of a non-return-to-zero (NRZ) data signal
over the time t. The data signal exemplarily comprises a
bit sequence "01001" within the bit cycles 1-5. By way of
example the low signal level AL representing a "0" bit
equals zero. Therewith, the 50% level between said low
signal level AL and the high signal level AH representing
a "1" equals AH/2.

[0101] Exemplarily, a first time interval TM1 between
a rising signal edge E1 and a falling signal edge E2 of
the second bit is determined. The data signal is sampled
at a first sample time T1 obtaining a corresponding first
signal sample A1 and at a second sample time T2, ob-
taining a corresponding second signal value A2. These
values are fitted to a rising edge model EM1 and a falling
edge model EM2 respectively. The edge models EM1
and EM2 describe the edge characteristics of the data
signal D1. From the difference in magnitude between the
first sampled value A1 and a center value at the 50%
signal level, and the second sampled value A2 and the
center value at the 50% signal level, the time differences
or deviations At1 and AT2 for each the rising edge and
the falling edge respectively are determined. As the dif-
ference between the first sample time T1 and the second
sample time T2 corresponds to the bit cycle time T, the
time interval TM1 is obtained by subtracting the rising
edge time deviation At1 from the cycle time T and adding
the falling edge time deviation AT2 thereto.

[0102] Fig.2b shows a variation of a measurement of
Fig.1 for a multi cycle time interval TM2. The data signal
exemplarily comprises a third rising edge between the
first and the second bit cycle and a fourth rising edge
between the n-th bit cycle and the (n+1)-th bit cycle. Cor-
responding to Fig.2a, third and forth time differences AT3
and AT4 for both rising edge are determined and the dif-
ference between both edges is determined by subtracting
the third time deviation AT3 from the n-cycle time nT and
adding the fourth time difference AT4 thereto.

[0103] Fig. 3a shows a schematic diagram with a first
distribution DE1 of all rising edge times and a second
distribution DE2 of all falling edge times over the time t
as result of repeated measurements at each one bit with
the same bit history, e.g. at each the same position within
the repeated test bit pattern or with a same history of a
defined length as described above. The test bit pattern
might be a pseudo random bit sequence of length 215 -1
being repeated 1000 times. For both distribution DE1 and
DE2, mean values M1 and M2 are determined. The dif-
ference between the mean values M1 and M2 denotes
a so-called duty cycle distortion (DCD) of the data signal.
[0104] Fig.3b shows a schematic diagram with a third
distribution DER of a bit interval TM1 again as result of
repeated measurements at each one bit with the same
bit history. As the cycle time T is constant, the variation
of the bit interval equals the variation of the difference
between the time differences At1 and AT2. The difference
between a maximum bit interval MAX and a minimum bit
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interval MIN denotes the peak-to-peak value of the cycle-
to cycle jitter. If only bits with the same bit history are
measured, this value does not comprise data dependent
jitter DDJ, but random jitter and periodic jitter.

[0105] As alternative, all bit interval of a repeated test
sequence might be measured regardless the bit history.
In this case, the difference between a maximum bit in-
terval MAX and a minimum bit interval MIN denotes a
peak-to-peak value the cycle-to cycle overall jitter includ-
ing data dependent jitter DDJ. The data dependent jitter
DDJ might be determined by taking the difference be-
tween this measurement and the measurement above,
wherein only bits with the same history are measured.
[0106] Fig.7 shows schematic diagrams describing a
jitter separation with bit history consideration that might
be performed in signal analyzers 50 of Fig.1 or Fig.6a-c.
[0107] Inafirstdiagram C1, time difference values At1,
At2, At3 are obtained from sample values at subsequent
time points T1, T2, T3 in transition areas of the data signal
D1. The values are obtained for transitions with different
bit histories. Therefore, a jitter analysis of these values
will include data dependent jitter.

[0108] In asecond diagram C2, mean time difference
values At1’, At2’, At3’ are depicted that relate to the mean
time differences M1, M2, M3,..., .(e.g. obtained by a
measurement according to Fig.4) related to the different
bit histories of the sampled values.

[0109] In a third diagram C3, adjusted difference val-
ues At1c, At2c, At3c are depicted that result from taking
the differences At1 - At1’, At2- At2’, At3- At3’ between
each the time differences values and the mean time dif-
ference values. A jitter analysis of these values will not
comprise data dependent jitter, but still comprises ran-
dom jitter and periodic jitter.

[0110] For further decomposition, a Discrete Fourier
Transition, preferably a Fast Fourier Transformation of
the adjusted time difference values At1c, At2c, At3c might
be performed, thereby obtaining a power density spec-
trum P over the frequency f. If periodic jitter is present,
this spectrum will show one or more distinct frequency
lines.

[0111] Providing a spectral jitter analysis the jitter com-
ponents can be detected, e.g. the periodic jitter compo-
nent can be derived by transforming the identified one or
more distinct spectral components into the time domain.
[0112] C4 shows an exemplary of power density spec-
trum derived from a Discrete Fourier Transformation of
the adjusted time difference values At1 c, At2c, At3c,
thereby obtaining a power density spectrum P comprising
by way of example peak frequencies S1- S6 referring to
periodic jitter and roughly constant function over the fre-
quency C6 referring to random jitter. By way of example,
the frequency peaks S1- S5 are equidistantly spaced at
exemplary frequencies f1- f5.

[0113] Instead of analyzing a single ended ground ref-
erenced signal D1, this signal might be received as a
differential signal being transmitted over a differential
line. The differential signal might de terminated by an
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input buffer that generates a ground referenced signal
out of the differential signal. Alternatively, the input buffer,
sample&hold circuit(s), and/or the analog-to-digital con-
verter(s) of the above embodiments might be realized as
differential signal circuits.

Claims

1. A signal analyzer for determining characteristics of
a data signal (D1) comprising a bit sequence of a
plurality of bits, comprising:

a first sampling circuit (30) adapted for taking
firstsample values (A1) from the data signal (D1)
in response to a first trigger signal (TR1, TR2),
a trigger circuit (60) adapted for providing the
first trigger signal (TR1, TR2) in response to a
clock signal (CLK) related to the data signal
(D1), and

an analyzing circuit (50) adapted for providing a
signal analysis based on the sample values (A1)
received from the first sampling circuit (30) in
conjunction with bit values (B1, B2, B3) of the
data signal in a certain time range with respect
to the first trigger signal.

2. The signal analyzer of claim 1, further comprising a
second sampling circuit (40) adapted for receiving a
second trigger signal (TS1, TS2) in response to the
clock signal (CLK), comparing in response to said
second trigger signal the data signal (D1) with a
threshold (VTH) and assigning, in response to a sec-
ond signal trigger signal (TS1, TS2) the bit values
(B1, B2, B3) as result a corresponding comparison.

3. The signal analyzer of claim 2, wherein the trigger
circuit (60) is adapted for providing the first trigger
signal having trigger pulses (TR1, TR2) within time
regions of transitions of the data signal (D1) and pro-
viding the second trigger signal having trigger pulses
(TS1, TS2) within regions between signal transitions.

4. Thesignalanalyzerofclaim 1 orany one of the above
claims, wherein the analyzing circuit (50) is adapted
for storing an edge model (EM1, EM2) of signal edg-
es (E1, E2, E3, E4) of the data signal (D 1) describing
a signal magnitude over time within a transition re-
gion, and determining from said edge modelfirsttime
differences (At1) between first sample values (A1)
and a defined transition value.

5. The signal analyzer of claim 4, wherein the defined
signal value represents one of: the geometric center
with respect to time of the edge model (EM1, EM2),
the geometric center with respect to magnitude of
the edge model (EM1, EM2) and the most likely tran-
sition point.
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6.

10.

11.

12

13.

The time interval analyzer (2, 2, 6) of claim 4 or 5,
wherein the edge model (EM1, EM2) represents one
of:

a polynomial best fit curve of a measured signal
edge (E1, E2, E3, E4),

a section-wise curve composed of one or more
linear or polynomial sections,

a curve based on a plurality of measured edge
curves (E1, E2, E3, E4),

The signal analyzer of claim 1 orany one of the above
claims, wherein the first sampling circuit (30) com-
prises an analog-to-digital converter (23, 36) for con-
verting said first sample values (A1) into multi-bit dig-
ital values (V1).

The signal analyzer of claim 7, wherein the analyzing
circuit (50) is adapted to store the multi-bit digital
values (V1) and the bit values (B1, B2, B3), thereby
assigning to each multi-bit digital values (V1) a de-
fined number of subsequent bit values (B1, B2, B3),
wherein a set of subsequent bits represents at least
partly a history sequence within the data signal (D1)
occurred in advance to a corresponding assigned
multi-bit digital value (V1).

The signal analyzer of claim 8, wherein the analyzing
circuit (50) is adapted for sorting multi-bit digital val-
ues (V1) according to each their bit history, into a
plurality of different groups, each group being related
to a unique bit history represented as digital se-
quence of a defined number of bits.

The signal analyzer of claim 9, further being adapted
for repetitively determining the first time differences
(At1) for a plurality of different signal transitions with-
in the data signal (D1), and determining for each bit
history a mean value (M1, M2, M3, M4) of variations
of the first time differences (At1).

The signal analyzer of claim 9 or 10, further being
adapted for determining non data dependent jitter
characteristics of the data signal (D1) by analyzing
a distribution of variations of the first time differences
(At1) related to a group of measurements having the
same bit history.

The signal analyzer of claim 10, further being adapt-
ed for determining non data dependent jitter charac-
teristics of the data signal (D1) by analyzing a distri-
bution of variations of the first time differences (At1)
related to a plurality of groups having different bit
histories by taking into account the determined mean
values (M1, M2, M3, M4).

The signal analyzer of claim 10, further being adapt-
ed for determining a sequence of first time difference
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values (At1, At2, At3) on the base of first sample val-
ues obtained by the first sampling circuit (30), deter-
mining a corrected sequence (At1’, At2’, At3’) by sub-
tracting from each first time difference value (At1,
At2, At3) the mean value (M1, M2, M3, M4) relating
to the bit history of the corresponding first time dif-
ference value, providing a time-to-frequency conver-
sion of the corrected sequence, and detecting dis-
tinct lines (S1, S2, S3, S4, S5, S6) within the corre-
sponding spectrum.

The signal analyzer of claim 8 orany one of the above
claims, further being adapted for analyzing the first
time difference values (At1) in order to determine a
number of preceding subsequent bits influencing an
actual bit, and to determine the defined number of
subsequent bit values therefrom.

The signal analyzer of claim 14, further being adapt-
ed for setting the defined number of bits to a first
value, deriving mean values (M1, M2, M3, M4) re-
lated to different bit histories, analyzing a time dis-
tance (TD1, TD2, TD3) between selected mean val-
ues, and incrementing the number of bits, if the time
distance exceeds a defined maximum value.

The signal analyzer of claim 1, or any one of the
above claims, wherein the control circuit (60) is fur-
ther adapted for generating a first trigger signal with
first trigger pulses (TR1) within a first region of a first
signal transition (E1, E3) and a second trigger pulses
(TR2) being delayed with respect to the first trigger
pulses (TR1) by one or a plurality bit cycles of the
first data signal (D1), and wherein the analyzing cir-
cuit (50) is further adapted for determining time in-
terval values (TM1, TM2) between signal transitions
of the first data signal (D1) based on pairs of sample
values (A1, A2) related to pairs of first and second
trigger pulses (TR1, TR2).

The signal analyzer of claim 1, or any one of the
above claims, wherein the control circuit (60) is fur-
ther adapted for generating a first trigger signal with
first trigger pulse (TR1) and a second trigger pulse
(TR1T’) being delayed with respect to the first trigger
pulse (TR1) by a defined time distance chosen to be
smaller or equal to a time duration of a signal tran-
sition of the first data signal (D1), taking correspond-
ing pairs of first sample values (A1, A1’) and choos-
ing each a most significant sample value out of each
pair for further analysis.

A method of determining characteristics of a data
signal (D1) comprising a sequence of a plurality of
bits, comprising:

providing a first trigger signal (TR1, TR2) in re-
sponse to a clock signal (CLK) related to the
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data signal (D1),

providing first sample values (A1) from the data
signal (D1), in response to the first trigger signal
(TR1, TR2), and

providing a signal analysis based on the first
sample values (A1) in conjunction with bit values
(B1, B2, B3) of the data signal in a certain time
range with respect to the first trigger signal.

19. A software program or product, preferably stored on

a data carrier, for controlling an execution of the
method of claim 18, when run on a data processing
system such as a computer.
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